Abstract: Samples of rime/fog water and dust in the air were collected in order to compare concentrations of pollutants. Particular attention was paid to particles of heavy metals (Al, As, Cu, Fe, Pb, Ti and Zn). The concentrations of pollutants from the air are different in rime water and fog water. Both (fog) water and ice crystals fixed Ti, Cu, As and Pb ions minimally (less than 1%). Rime captured 11.6% Al, 9.3% Zn, 4.4% Fe and 91.2% Mn from the air. Fog water absorbed 9.8% Al, 9.0% Fe, 55.6% Mn, and 48.7% Zn from the air. Fog water absorbed Zn much better (48.7%) than rime (9.3%). Rime absorbed Mn better (91.2%) than fog water (55.6%).
Introduction
The impact of fog and fog water deposition on the environment have been studied at several locations round the world (see, e.g., Fuzzi (ed.) 1995; Elias et al. 1995; Mindas & Skvarenina 1995; Skvareninova & Skvarenina 2000; Elbert et al. 2000; Acker et al. 2002; Migala et al. 2002; Herckes et al. 2007; Zapletal et al. 2007; Mihalikova et al. 2008) . We have been concerned with these problems in our previous work for example , Fisak et al. (2002 , Fisak et al. ( , 2006a .
Dust sampling was conducted at Milesovka Observatory in February 2006. Samples of fog and rime water have been collected here since the second half of 1998. The chemical analyses of dissolved pollutants in samples were performed up to 2006. The samples were filtered before chemical analysis. Filtrations were not analysed. The dried filters used to collect the rime/fog-water samples were analysed in co-operation with the Institute of Physical Chemistry of the Bulgarian Academy of Sciences. Several samples of dust in the air were collected by filter technique in February 2006. The dust particles were caught on nitrocellulose filters.
We have taken advantage of the possibility to compare the amount of pollutants in rime/fog water with the amount of pollutants (dust particles) in the air. We were aware of the following limitations of this research: (i) rime/fog water also contain gaseous pollutants; (ii) different analytical methods were used; (iii) the concentrations of solid particles were determined statistically; and (iv) the dust samples were not taken at the same time as the fog-water samples were taken.
In order to eliminate these questionable factors, in this paper our attention is concentrated on metallic pollutants. We hope that this study can contribute to the explanation and understanding of the elution of several pollutants. Mean concentration values are used in this study with respect to the small sample number. The results obtained are assumed to be preliminary without wishing to generalize them.
Site description

Mount Milesovka (50
• 33 17 N, 13
• 55 57 E, 837 m a.s.l.) is located in the close vicinity of the north Bohemian brown coalfield. The coalfield region is among the most polluted areas in the Czech Republic (CR). Several power plants are situated close to the massif of the Krusne Mountains, which forms the north-western border of the coalfield. The location of Milesovka Observatory is shown in Figure 1 . Chemical industry is concentrated in this area and there are also several large conurbations (Usti nad Labem, Most, Litvinov, Chomutov, Teplice, Litomerice, Lovosice). The city of Prague also contributes to the air pollution in the Milesovka region.
From the geological viewpoint, the surroundings of Milesovka are formed primarily by igneous rocks with claystone, coal, and calcite fillings in several places. The mountaintop itself consists of phonolite. 
Samples collection
The present paper deals in the first place with the concentration of selected components that were identified in the samples of fog and rime water. It is well known that rime usually occurs during fogs at temperatures below 0
• C. For the purposes of this paper, the event is treated as a fog if the liquid water sample is collected at a temperature above 0
Even if the rime originated from the fog event, the rime water samples were taken in solid state by a passive collector. Fog-water samples were collected by an active collector as described, e.g., by Daube et al. (1987) and Tesar et al. (1995) .
The liquid water content (LWC) values were calculated from horizontal visibility values (VIS). The VIS was measured by a PWD 21 device (Present Weather Detector) and the relationship (1), which was determined from Milesovka data (Fisak et al. 2006c ), was applied in order to determine the LWC values:
where the VIS marked measured horizontal visibility.
The LWC values were used to calculate the pollutant concentration in rime/fog water in air. The pollutant concentrations in air were calculated from computed mean LWC from relationship (2):
where PCair is pollutant concentration in rime/fog water in air, and PCsamp is pollutant concentration in sample rime/fog water.
In the second place, we studied solid particles. All the solid particles studied here were collected by filter technique, either by filtering of the rime/fog water or by impacting of the ambient air. Nitrocellulose filters (0.45 µm pore size, 47 mm diameter, 1.2 mm thickness) were dried and prepared for analysis by Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) and by Electron Probe X-ray Microanalysis (EPXMA). For EPXMA the samples were covered with a mono-atomic layer of carbon. Details of the sampling procedure and preparation of filters before the analysis of water-insoluble particles are given by Fisak et al. (2007) and Stoyanova et al. (2008) . The list of elaborated samples is in Tables 1 and 2. J. Fisak et al. 
Analytical methods
Soluble pollutants (SP)
The analysis of soluble components was performed in the laboratory of the Czech Geological Service. The overview of methods used to determine the concentration of soluble pollutants is shown in Table 3 together with the limits of detection.
Insoluble pollutants (IP)
EPXMA: Electron microscope analysis was applied for determination of size, shape, chemical composition and number concentration of single particles. The solid particles captured on the filter surface were observed by Scanning Electron Microscope (SEM). The electron-microscope image formed by secondary electrons (SEI mode) gives various morphological characteristics (shape, faceting, surface structure etc.), and the image formed by back-scattered electrons (BEI mode) is influenced by the atomic number of the chemical elements, and then the heavy metal particles could be seen as white spots on a dark field. A brief description of the method is given in Laskin et al. (2006) and Stoyanova et al. (2006) . The electron microprobe analysis of single particles was carried on the JEOL JSM-6390 and JXA-733 Superprobe, both supplied by an energy-dispersive X-ray detector. The particle elemental spectrum was collected for 30 s at accelerating voltages of 20 KeV. The particle size (an effective diameter) was estimated by visual observation of the microscope images or from its microphotograph. Whole concentrations of IP and dust particles were determined statistically.
Results
The results are presented in Table 4. This table shows the mean values of selected pollutants from rime/fogwater samples and from dust in the air. The soluble and insoluble pollutant concentrations in rime/fog water are presented separately in Table 4 . Both the sums of soluble and insoluble pollutant concentration are presented. The last two columns contain relations between the concentration of rime and fog-water pollutants and the concentration of dust-in-air pollutants. The pollutants were found to be caught in rime and fog water separately. For example, both water and ice crystals caught Ti, Cu, As and Pb minimally (less than 1%). Rime and fog water both absorbed Al and Fe in units of percent and Mn at the level of tens of percent. Rime absorbed 11.6% Al, 9.3% Zn and 4.4% Fe and 91.2% Mn, compared with their concentrations in air dust. Fog water absorbed 9.8% Al, 9.0% Fe, 55.6% Mn, and 48.7% Zn from air dust. Fog water absorbed Zn much better (48.7%) than rime (9.3%). Rime absorbed Mn better (91.2%) than fog water (55.6%).
It is obvious from Table 4 that the majority of the monitored pollutants were registered in soluble form. The insoluble form of pollutants Ti and Cu was registered in both rime and fog water. Pollutants As and Pb were registered in rime only. Concentrations of Ti and Cu were a few orders higher in fog water than in rime. The missing data in Table 4 means that pollutant concentrations were below the detectable limit and pollutants were not detected.
Discussion
Concentrations of soluble forms of elements in rime and fog water are surprisingly high compared with their insoluble forms. Major and minor elements (Al, Mn, Fe, Zn) are presumably present in the atmosphere as secondary phases in the form of (hydro)oxides or carbonates that are dissolved in acid conditions of the liquid phase (pH 3.9 for rime, and 4.2 for fog, respectively). This tendency is also reflected in the relatively high concentrations of the elements in bulk precipitation and throughfall collected at the same sampling site (Fisak et al. 2007) , as well in other localities (Skrivan et al. 1995; Vach et al. 2004) .
By way of illustration, Table 5 presents the concentrations of selected metals in samples of rime and fog water that were used in order to calculate the concen- trations in the air. Also the LWC pH values are given in Table 5 . The pH values shown in Table 5 support the abovementioned assumptions. It is evident that concentrations of selected pollutants in rime water (pH 3.9) are higher than in fog water (pH 4.2). It was proved that, predominantly in an acid medium, soluble compounds of pollutants occurring in dust in the air are caught in rime/fog water. On the other hand, some pollutants found in the dust are not involved in rime/fog water at all, or their concentrations are below the limit of detection. In this context, the question arises how closely the imbibition of pollutants by the rime and fog water is related to whether the compounds containing the observed pollutants are hydrophobic or hydrophilic.
In conclusion it is necessary to declare the results presented here as preliminary due to the limited data set. Further investigations will be necessary to verify or disprove the extended data set. Without wishing to generalize obtained results the occult precipitation represents very important delivery mechanism affecting both water balance and chemistry. Especially from biohydrological viewpoint solid (mainly rime) and liquid (predominantly fog) occult precipitation play very important role for forest canopy in higher elevation zones: sensitive respiratory organs of vegetation cover are immersed for a long time into the liquid occult precipitation (fogs) with very high concentrations of pollutants and -in the case of solid occult precipitation -highly acid water is falling down right to the root systems of trees after melting and moreover very heavy rime often cause the breakage of the top part of trees.
